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Abstract 
 
Fibre composites are increasingly used in manufacturing. They are widely used in pools, 
marine-craft and automobiles. The methods of manufacture create 5~10% waste material 
which is costly and harmful to dispose of. In this project, the prospect of reuse and recycling 
of this waste material is considered. The prospect of using ground waste GFRP in further 
glass fibre composites is explored. An economical process for grinding is designed and the 
effects of the ground recyclate on material properties is determined experimentally. The cost 
of implementing this process is calculated and found to show a net saving. 
 
Tests show that tensile and flexural strengths initially increased with maximums around the 
10% and 16%wt recyclate/resin ratio respectively. Elastic and flexural modulus’ initially 
increased with maximums at 10% and 13%wt recyclate/resin ratio respectively. Impact 
toughness decreased with increasing amounts of recyclate and preliminary DMA tests show 
increases in storage modulus and glass transition temperature. Curing rates increased and 
reduced amounts of catalyst are required as amounts of recyclate increased. 
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1. Introduction 
Fibre composites are increasingly used in manufacturing. They are widely used in pools, 
marine-craft and automobiles. The methods of manufacture create 5~10% waste material 
which is costly and harmful to dispose of. In this project, the prospect of reuse and recycling 
of this waste material is considered. A milling process for waste fibreglass is designed for 
efficiency, cost effectiveness and safety. A panel will be developed from a mixture of 
recycled material and purchased material. These panels will be tested for mechanical 
properties and an ideal mixture will be determined. The economic viability of this process 
will be estimated. 
 
2. Project Objectives: 
2.1. Design the milling process of wasted fibreglass that is easily adopted into current 
manufacturing facilities. 
2.2. Incorporate recycled material into further composite material panels. 
2.3. Compare mechanical properties of test panels with “virgin” material and determine 
the effects of milling (tensile strength, flexural strength, impact strength) 
2.4. Select the best panel mixture for mechanical strength. 
2.5. Estimate the economic viability of this recycling process over current disposal 
methods. 
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3. Resource Analysis 
3.1. Fibreglass 
Glass fibre reinforced vinylester overspray off-cuts supplied by Leisure Pools. These are 
approximately 1m long x 75~100mm wide x 10mm thick (Figures 1,2,3). These are typical of 
the off-cuts seen in the fibreglass industry and are the result of a combination of glass mat 
lay-up and continuous spray-up moulding. 
 
Figure 1: Typical Fibreglass Waste Material 
 
Figure 2: End View of GFRP Waste 
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Figure 3: Cured Overspray GFRP Waste 
They consist of a thick layered section and a thin fibrous section. The thick (10mm) layered 
section consists of around 33% glass fibre in a polyester resin. This also contains a small 
amount of polyester gel coat and masking tape. The thin fibrous section contains an unknown 
mixture of glass fibres and polyester resin. This will be tested for a more accurate knowledge 
of its constituents. At times there are collections of overspray which have a high content of 
glass fibre. 
3.2. Vinylester resin 
VE resin was supplied by Leisure Pools. A very common and workable resin, this has a lower 
viscosity to epoxy resins and is easily sprayed. This resin can be cured at ambient 
temperature. The major reason to use this resin is that it is the most widely used of all 
polymers in GFRP manufacturing. Over 5 litres were provided in a sealed plastic container. 
 
3.3. Catalyst 
The catalyst used was Butanox M50, supplied by USQ-CEEFC. Usually 2%wt is needed 
which corresponds to less than 30g for this project. 
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3.4. Glass Fibre 
Glass fibre (E-glass) chopped-strand mat was supplied by USQ-CEEFC. Approximately 2m2 
was used including all off-cuts and waste. 
 
3.5. Workshop Equipment 
John Ashley provided tools towards the project including: lathe, taps, welder and other metal 
working equipment. The workshop provided at CEEFC was used for panel preparation and 
included the use of: ventilation room, diamond wet saw and a sander. Some hand tools, such 
as a drill and a grinder were provided by myself.  
 
3.6. Personal Protective Equipment (PPE) 
CEEFC provided face masks, surgical gloves and protective glasses. Long clothing, leather 
gloves and boots were provided by myself. 
 
Figure 4: PPE Used for Mixing Resin 
 
3.7. Prototype Materials and Parts 
The major parts of the prototype came from John Ashley who provided a used exhaust fan 
that contained the case and motor of the prototype. Other parts, like pipes and bolts, where 
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either purchased new from a hardware store or from a recycling shop. Due to the donation of 
parts, the components for the prototype cost only $100. 
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4. Literature Review 
Relevant texts, journals and papers where researched for background knowledge and recent 
developments related to this project. Composite materials, their manufacture, disposal and 
recycling are detailed. Mechanical tests and the theories behind them are explained. The 
recent work of other researchers are noted to show how this project builds upon them.  
 
4.1. Composite materials  
Composite materials are produced when two or more materials are used together to give a 
combination of properties that are otherwise not possible. (Askerland and Phule, 2008) These 
can be categorised into three main types: particulate, fibre, and lamina composites. This 
project is concerned with particulate and fibre composites.  
 
4.1.1. Particulate Reinforced Composites 
Particulate composites are made up of one or more materials as coarse particles. The rule of 
mixtures can accurately predict many properties in these composites: for example, Density 
of the composite is the sum of the density of the constituents multiplied by the volume 
fraction of each constituent: 
ρc=Σ(ƒi.ρi) = ƒ1.ρ1 + ƒ2.ρ2 + …+ƒn.ρn  (Askeland and Phule, 2008) 
Other properties, such as stress, can be found this way. 
 
4.1.2. Fibre reinforced composites 
Fibre composites are made of a fibre surrounded by a matrix (usually a polymer). The most 
used composite of this type is glass fibre reinforced polymer (GFRP). The major difference to 
other materials is that fibre composite material properties change dependant on fibre direction.  
The rule of mixtures is accurate at predicting: 
 Density: ρc= ƒ1.ρ1 + ƒ2.ρ2 
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 Modulus of Elasticity (parallel to fibres): Ec= ƒ1.E1 + ƒ2.E2 . At high stress, however, 
the matrix deforms, bonding is compromised and the stress-strain relationship is no 
longer linear. Products are usually designed for operation well below this stress level. 
 Modulus of Elasticity (perpendicular to fibres): 1/Ec= ƒ1/E1 + ƒ2/E2 .  
 For other properties, such as stress, tensile strength, the parallel or perpendicular rule 
of mixtures can be applied.  
 Strains are equal parallel to fibres: ɛc = ɛf = ɛm (assuming good bonding) 
Compiled from Askeland and Phule (2008). 
 
4.1.3. Composite Strengthening Mechanisms 
The strength of particulate composites is directly related to the volume fraction of the 
particles. As the volume of reinforcing particles increases, so does the strength. In practice, 
composite properties can differ from theoretical due to poor bonding, porosity and poorly 
dispersed particles. 
The strength of fibre composites is related to: fibre length(l), diameter(d), angle of 
orientation to loading, the bond between fibre and matrix, and the ratio of fibre to matrix. In 
general, as the aspect ratio (l/d) increases, strength increases and as the ratio of fibre to matrix 
increases, strength increases. As strength increases, a harder and more brittle composite is 
produced. To produce high strength fibre composites long fibres in the direction of loading is 
needed.  
 
4.1.4. Glass fibre in composites 
Glass fibres are the most commonly used fibre. This project is concerned with E-glass fibres, 
typically 3~20 micro-metres in diameter. These fibres are commonly grouped into rovings of 
over 50 fibres to simplify handling. The figure below shows a roving of glass fibre used in 
this project. 
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Figure 5: A Roving of E-Glass Fibres 
 
 
Fiber 
Density 
g/cm3 
Axial 
Modulus 
GPa 
Tensile 
Strength 
MPa 
Axial 
Coefficient of 
Thermal 
Expansion 
[ppm/K] 
Axial 
Thermal 
Conductivity 
(W/m.K) 
E-glass 2.6 70 2000 5 0.9 
Table 1: Properties of E-Glass (Mechanical Engineers Handbook) 
Rovings are also made into mats by weaving or laying strands together to be used as a multi-
directional reinforcement. Below is a picture of chopped-strand mat that is made by ~50mm 
strands laid randomly.  
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Figure 6: Glass Fibre Chopped-strand Mat 
   
Figure 7: Chopped-strand Mat Magnified x200 
 
4.1.5. GFRP Manufacturing 
Existing methods of GFRP manufacturing are: hand lay-up, spray-up, injection moulding, 
winding and pultrusion to name a few. The two most used methods for pool and marine 
applications are lay-up and spray-up methods. 
Hand lay-up is where pieces of fibre mat are placed on the mould and the resin is rolled into 
it until fully saturated or ‘wet’. This method is suitable for complex shapes that require 
special attention, but have been replaced by more efficient methods where possible. 
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The spray-up method is done by the fibre rovings being chopped and allowed to fall in front 
of a spray of resin. These strands become saturated by resin and stick to the mould. 
Compression, by way of rolling or a matching die, is done intermittently. (Groover, 2006) 
 
4.1.6. Vinylester Resin 
It is produced from an epoxy and styrene reaction. Due to the chemical reaction, styrene is 
not suitable as a filler or mould material. In the resin state, vinyl ester has a lower viscosity 
than epoxy and once cured, it has a lower strength and more flexibility. Vinylester is chosen 
in marine and pool applications for its chemical resistance and lower cost. Vinylester is the 
most used resin for glass fibre composites.  
4.1.7. Glass fibre reinforced Vinylester 
This is one of the most widely used and cost effective of all fibre composites. A typical 
combination is 33% glass fibre surrounded in a vinylester resin. Uses include: boat hulls, 
pools, spas, pipes and tanks. These applications require good tensile strength, flexural 
strength, and corrosion resistance. Typical properties are 100MPa tensile strength and 
150MPa flexural strength - operating at temperatures below 80oC. (Askeland and Phule, 
2006) 
 
4.2. Fibreglass disposal 
Fibreglass wastes come from manufacturing and discarded products at the end of product life. 
Manufacturing wastes consist of: Off-cuts that are cut from the edge of the moulds; Ground 
waste produced from cutting and grinding operations; and unused fibres or resin.  
Products are disposed of at the end-of-life due to general use or damage. Due to the difficulty 
to repair, damaged glass fibre products are often replaced rather than repaired. 
Almost all of these wastes are disposed of into landfill, which is problematic since fibreglass 
is not biodegradable and resins are typically produced from petroleum. This disposal is 
harmful to the environment, costly and a waste if the material properties can be reclaimed. 
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If this waste material can be reused in further composite products, a reduction in the use of 
petroleum products can be achieved with a reduction in material costs. 
 
4.3. Fibre Composite Recycling Processes 
In recent years, recycling has been gaining interest, especially where valuable materials can 
be reclaimed, such as gold in computer components, and also where government legislation 
dictates –new laws requiring large percentages of automobiles to be recycled. The cost of 
disposal is only getting more expensive and increasing awareness is on the release of carbon 
into the environment. The recycling of these materials is becoming more viable and more 
necessary. 
4.3.1. Mechanical Recycling Processes 
These recycling processes involve cutting, crushing and/or grinding and can produce 
recyclate of varying sizes – from powder to short fibres. These reyclates can be used in 
limited proportions with new “virgin” material. A limited number of manufacturers already 
take a small amount of dust collected from cutting operations and include it into the resin as a 
filler to reduce costs. Fine and coarse grades of powder are currently used in concrete and 
asphalt. Short fibres or whiskers can be used for sheet forming with a greater amount of 
handling. (Pickering, 2005) 
4.3.2. Thermal Recycling Processes 
Another process involves heating the material to burn off unwanted resins to leave glass 
fibres –fluidised bed process. Kennerley etal combined these reclaimed fibres into composites 
and found that tensile and flexural properties decrease significantly above 50% recycled 
material.(1998) This shows how the heated glass loses strength much like annealing of metals. 
The energy released from burning can be captured and utilized. Thermoset resins have 
successfully been burnt for energy recovery and have been found to be similar to good 
quality coal. (Pickering, 2005) 
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4.4. Machinery for Processing GFRP 
Due to the high strength of fibre composites, the machines for cutting, crushing and grinding 
need to have a very high level of abrasiveness, wear resistance, and high impact strength. For 
cutting: diamond cutting wheels are generally used. These can use a coolant or be air cooled. 
For crushing: some success has been from hammer mills. These rotate a bank of ‘hammers’ 
that impact the material and pulverize it. While they crush resin matrix easily, the fibres tend 
to entangle and require intermittent stoppages to clear the machine. Hammer mills are also 
quite expensive. Grinding can be done with diamond/stone grinders that can produce fairly 
consistent grades of powder. Great care needs to be taken in the processing since fine 
powders can cause a health risk. The need for a machine that requires little operator time is 
needed. This would mean low labour costs, and avoiding health risks. Palmer etal (2009) 
states that out of the various ways to recycle, mechanical grinding has been the only one to 
have industrial acceptance since it is financially viable. With this in mind, mechanical 
processing will be the interest of this study. 
 
4.5. Material Testing 
Testing of material properties is to be understood to determine the properties of recycled 
material. Mechanical properties are of the greatest interest in this project to measure the 
viability of use in composite products. The tests chosen are: tensile, flexural, impact and 
DMA. 
4.5.1. Tensile testing 
The sample is lengthened in the axial direction until it fails (breaks). As the elongation 
increases, the elongation and force are recorded. These are used to find the stress and strain 
during the loading. 
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Figure 8: Tensile Testing 
Stress describes the amount of force per unit area, where the force is perpendicular to the 
cross-sectional area concerned. Tensile stress is calculated from the equation below: 
σ = F/A 
σ = stress (MPa) 
F = force (N) 
A = area (mm2) 
The maximum tensile stress that the specimen withstands is the tensile strength. (Beer etal, 
2006) 
 
Strain describes the ratio of change in dimension to initial dimension when a force is applied. 
Axial strain is calculated from: 
ɛ = ∆l/l0  
ɛ = strain (dimensionless) 
∆l = change in length (mm) 
l0 = initial length (mm) 
∆l 
F 
F’ 
l0 
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The Modulus of Elasticity (E), also referred to as Young’s Modulus, is the relative stress per 
unit strain. (Beer etal, 2006) This describes the material’s tendency to resist changes in 
dimensions under loading. A large modulus indicates rigidity and a small modulus indicates 
elasticity. For example: glass has a high modulus (brittle) whereas vinylester has a relatively 
low modulus (elastic). 
E = σ / ɛ 
From a Stress/Strain curve found during testing, the Elastic modulus of a material can be 
determined by the slope of the curve over the first 1 percent of strain. 
 
4.5.2. Flexural Testing 
Flexural testing is done by placing the specimen across a span and applying a force to the 
centre of the specimen to create an ever increasing deflection. The changing deflection and 
loading is recorded until the test piece can no longer carry an appreciable load.  
 
 
Figure 9: Flexural Testing 
The flexural stress in MPa is calculated by the following formula: 
F 
s 
h 
b 
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 Where, σf = flexural stress (MPa or N/mm
2) 
F= loading force (N) 
l= length of span (mm) 
b= width (mm) 
h= thickness (mm) 
 
The maximum flexural stress that the test piece undergoes is termed as the flexural strength 
of the material.  
Flexural strain is the measure of how much the material deflects and is represented by the 
ratio of deflection to initial dimensions. 
 Where: ɛf = flexural strain (dimensionless) 
s = deflection (mm) 
h = thickness (mm) 
l = length of span 
 
The flexural modulus is found by the ratio of flexural stress to flexural strain. Through testing, 
the slope of the stress/strain plot can be used to find the Flexural Modulus: 
 
Usually only the first 0~3% strain can give a valid modulus. 
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4.5.3. Impact Testing 
Impact testing is done to find the energy required to break the material of a known size. The 
Charpy test, of interest here, consists of a weight of known mass that is dropped from a 
known height onto the test piece. The energy absorbed as the specimen breaks is recorded. If 
a large amount of energy is absorbed then the specimen is said to have a high impact 
toughness. Impact toughness is this impact energy per unit cross-sectional area (J/m^2). 
Composite materials usually have low impact toughness compared to steel and are prone to 
surface cracking and delamination under impact.   
 
4.5.4. DMA Testing 
Dynamic Mechanical Analysis is a test of cyclical stress and strain of a specimen at varying 
temperatures. This test is very useful in determining the change in the Elastic Modulus of a 
material with temperature. The glass transition temperature, which is also found, is the 
temperature at which the material begins to change from glass-like to viscous and determines 
the maximum operating temperature. Composites containing polymers are especially prone to 
changes in properties due to temperature. The test is done by the specimen being put through 
oscillating stresses at specific temperatures while the dynamic response is measured as a 
phase lag. Increases in this lag indicate this transitional behaviour.  
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5. Consequential effects 
The consequences and implications of this project encompass several areas: material uses, 
sustainability, environment, profit, safety and other material applications. 
 
5.1. Material Uses 
Glass fibres have good mechanical and thermal properties. If these properties are still at a 
reasonable level after the milling process then this recycled material has more useable life. 
Possible applications could be as light weight structural panels and thermal or sound 
insulation. Small percentages of recycled material can be reused in the manufacturing process 
to reduce the amount of resin required. This filler material is expected to have greater 
mechanical properties of that of the neat resin. 
 
5.2. Sustainability 
With increasing use of fibre reinforced composites, there will be ever increasing waste 
produced from manufacturing composites and products at the end of use. There will be no 
foreseeable future shortage of this material source. Glass as a resource is found in abundance 
in the earth. Even as resins move toward natural oils, the same recycling process would 
produce similar results with different resins since the principle strengthening component is 
the glass content. 
 
5.3. Environment 
Reducing waste will improve the environment we live in. The carbon and petroleum used in 
creating the initial product is not released into the environment by reusing the material. A 
further reduction in carbon emissions is made by reducing the amount of ‘virgin’ material 
required by introducing amounts of recycled waste into the product. So there is a two-fold 
effect on reducing the amount of carbon released by these products. 
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5.4. Profit 
The energy and labour requirements to turn the waste material into a panel may be offset by 
the savings from reduced waste disposal and material savings. If the cost saving is great 
enough then a greater profit margin is possible for manufacturers and a new recycling 
business could be created. 
 
5.5. Safety 
The safety of people and equipment was of high importance throughout the project. There 
was potential for people to be exposed to dust or fibres during grinding, cutting, sifting and 
test panel preparation.  
During grinding, panel preparation and testing all those involved were inducted and briefed 
on the correct procedure in using equipment and chemicals. 
Chemical exposure was possible during test panel preparation. The chemicals used can cause 
skin or eye irritation. Long sleeves, masks and surgical gloves were worn during the panel 
preparation. Vinylester can be irritating to smell and may affect surrounding workers. A 
forced ventilation room was utilised for all mixing and preparation. Plastic utensils and 
containers were used to mix and handle all materials. All waste was allowed to cure and 
disposed of. 
Machinery accidents were possible and may cause damage to hands, arms and eyes. This was 
avoided by wearing safety glasses and long sleeves during all operations. Leather gloves were 
worn where possible.  
 
5.6. Other Material Applications 
Successful process design could have implications in recycling other fibre composites. The 
process designed for recycling glass fibre reinforced vinylester can easily be applied to other 
glass fibre composites. Small modifications to the process could make it suitable for carbon 
fibre recycling as well. The results of material testing are an indicator of the benefits of other 
fibre composite recycling. 
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6. The Work of Others 
The inclusion of glass powder has been shown to have some minor improvements in 
mechanical properties. Ku (2010) combined glass powder with vinylester to find that 20% by 
weight of glass powder has the highest flexural modulus. Since a ground recyclate in this 
project would contain approximately 33% glass powder then it is fair to assume that 
increasing amounts of the recyclate will increase flexural properties. Whether the affect on 
flexural strength will be as large as that with only glass powder is to be determined. 
 
Shayan and Xu (2006) found that glass powder can be useful as a filler in concrete up to 30% 
by weight without decreases in mechanical properties. Slight improvements in compression 
strength where observed after 28 days.  
 
Wolf (2008) has a patent for a recycled panel made from cutting and grinding GFRP. He 
claims their use as a reinforced core in vehicle bodies. His panels consist of 35-40% ground 
GFRP, 60-65% PET resin and 1% thermoplastic micro spheres.  
 
Phenol Formaldehyde Composites were Reinforced with E-spheres (Ku etal, 2009) and tested 
for impact toughness. A reduction in price of 50% was possible with a reduction in impact 
toughness of 20%. Combining ground GFRP could reduce impact strength but cost benefits 
could outweigh this reduction. 
 
Pickering (2005) has summarised possible recycling processes available for GFRP. While 
there is some acceptance, the rate of implementation is very low.   
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7. Design & Methodology 
The process of recycling was designed through decisions on: the type of milling, machine 
design, prototype build and recyclate sorting. The testing to be done was decided based on 
industry needs. This led to the test panel preparation, mechanical testing and data processing. 
7.1. Milling Type Investigation 
To get an initial idea of the properties of the fibreglass waste and to decide on a suitable 
method of recycling, it was hammered, cut and ground. With common tensile and 
compressive strengths of GFRP being 100MPa and 150MPa respectively, the choice of 
milling would need to be powerful and efficient. 
7.1.1. Hammering 
Hammering in the same plane as the fibre directions initially caused brittle failure of the gel 
coat and resin surrounding the fibres (Figure 10). Continued hammering caused the resin 
particles to break away and fibres to fall loose of the material (Figure 11). This shows the 
limitations in impact toughness and fatigue of fibreglass. The amount of energy to hammer 
this material into pieces was estimated to be fairly large. The use of a hammer mill would 
require a large and expensive machine which are known to clog and be unable to break the 
glass fibres down to a small size.  
 
Figure 10: Initial Hammering of GFRP 
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Figure 11: Continued Hammering of GFRP 
7.1.2. Cutting 
The cutting was performed with a diamond cutting disc on an angle grinder in hope to regain 
short fibres for a stronger recycled material than ground recyclate. The whiskers running 
down the outer edge of the trim material where cut off at approximately 10mm spacing. Cuts 
where also made on the solid sections in a grid pattern at approximately 25mm spacing. 
(Figure 12) This process was done by an operator and found to be very inefficient and 
exposed the operator to a large amount of dust. Industrialising this process would require a 
bank of cutters on a table that the trimmed waste is fed into. Due to the large amount of 
handling involved in the cutting and lay-up of this waste, it was determined to be not a viable 
process and not worth investigating further. 
 
Figure 12: Cutting GFRP Waste into short fibres. 
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7.1.3. Grinding 
A grinding test was performed with an angle grinder with a diamond cutting disc. It took 1.5 
hours to grind a volume of 2 litres of material. This was very slow, would be costly to an 
employer and hazardous to the worker. Grinding, however, could mean all waste could be 
reused. Due to some existing acceptance of using powdered fillers, and the ready access 
manufacturers have to this ground waste (their own dust extractors), grinding was chosen as 
the ideal method.  
 
7.1.4. Milling Process Comparison 
A quick comparison was taken between using a hammer mill, cutting table, or a grinding 
machine. Comparative scores were given for 5 important categories: cost of machine, energy 
required, labour and handling times, amount of recyclate that remains unused, and the risk to 
the operator. These all being undesirable factors, the relative desirability was found by 
reversing this percentage. 
 
Milling Comparison Table 
Method of 
Milling 
Cost of 
Machine 
Energy 
Required 
Labour 
and 
handling 
Recyclate 
ot 
useable 
Risk to 
Operator 
Total 
Score 
Relative 
Desireabili
ty 
            sum 100-score 
Hammer 
Mill 
8 10 8 3 4 33 67 
Cutting 
Table 
4 5 8 2 8 27 73 
Grinding 
Machine 
4 5 2 0 4 15 85 
Table 2: Milling Comparison Table 
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From the comparison, grinding the off-cuts efficiently was seen to be an important part of the 
project. By doing this, 100% of the cured waste could be reused. A purpose built grinder was 
designed to determine if this process is a viable option. 
 
7.2. Grinder Design  
7.2.1. Design Criteria: 
Several requirements were determined for this grinder design. They are listed here in order of 
importance:  
7.2.1.1. Reduce labour cost:  
The grinder needs little skill and time to operate. With the labour cost estimated as being 90% 
of recycling costs, the viability of the process is largely linked to the grinder design. 
7.2.1.2. Safety:  
The operator will not be exposed to dust or short fibres and have little handling of the waste 
material. The ground waste will be collected by a dust extractor 
7.2.1.3. Energy and efficiency:  
It should be powerful and abrasive enough to handle glass fibre composites. It should have no 
blockages or stoppages until disc change. It would be advantageous to be able to grind a 
day’s worth of waste within one hour.  
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Figure 13: Grinder Power Requirements 
 
The power requirements were calculated based on the energy required to shear off small 
chips of material (0.5mm in diameter) off the end of the fibreglass material (150MPa shear 
strength). The grinding disc surface was idealised as a surface covered in rectangular teeth. 
The minimum power to grind glass fibre composites was determined to be over 2kW for a 
feed rate of 25mm/s. To achieve higher feed rates it is recommended to increase the motor 
size to 3~4kW. This will also help with starting a heavy diamond grinding wheel. In order to 
double the feed rate, the motor power would need to be doubled also. 
 
7.2.1.4. Size: 
The dimensions should be small enough to incorporate into a medium facility’s workflow but 
big enough to process the typical size of trimmed waste (i.e. 100mm x 12mm x 1m). 
7.2.1.5. Grinding surface 
The grinding surface is to be diamond or ceramic abrasives. Allowances should be made for 
wear so that disc changes are infrequent. With this in mind a large grinding disc is preferred. 
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7.2.2. Grinder Conceptual Designs 
Two possible designs where conceived: vertical disc and horizontal disc grinding. Both 
grinders work in a similar way. An electric motor drives a diamond grinding wheel inside a 
cylindrical casing (Figure 14). A feed chute at the top of the designs is where waste is fed in 
(1), the waste is ground by the rotating disc(s) (2) and ground waste exits (3) into a dust 
extractor (not shown). 
 
7.2.3. Vertical Disc Grinder 
 
Figure 14: Vertical Disc Grinder Design – Side View 
The vertical disc grinder grinds on the edge of the disc which doesn’t require changing until 
well worn. The clearance between the grinding wheel and the casing could produce larger 
particles. 
 
1
2
3
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7.2.4. Horizontal Disc Grinder 
 
Figure 15: Horizontal Disc Grinder – Side View 
The horizontal disc grinder requires more effort in changing the disc and may have more 
frequent disc changes due to uneven wearing. The feed chute can be adjusted to a lower 
clearance than the first concept to ensure a small particle size. In Figure 16 it can be seen that 
the feed chute is placed at an angle to the exit pipe so that the ground particles would been 
projected into the exit pipe as directly as possible.  
Motor 
1
2
3
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Figure 16: Horizontal Disc Grinder – Top View 
In order to determine the viability of the grinder designs and this process, one grinder was 
built as a prototype. This was then used to grind the waste material needed for the test panels. 
 
7.3. Prototype Build 
The selection of which grinder design to build was only based on the materials, money and 
time available for the project. The horizontal disc grinder was chosen since the cylindrical 
casing didn’t require a stand and only thin grinding discs were within budget. 
 
Figure 17: Fully Assembled Grinder with exhaust 
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Figure 18: Feeding in the waste trim material 
. 
 
Figure 19: Motor mount and wiring. 
A 3 phase 0.5HP motor was part of the fan unit and was lowered and rewired to singe phase 
240AC. This conversion was possible by rewiring the motor into delta and using a capacitor 
across one side. (Cain, 1988) 
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Figure 20: Grinder with side panel removed 
With the side panel removed (Figure 20), the fibreglass backing plate with the grinding disc 
on, 4xbolts with spring washers into a steel backing plate, and the main shaft bolt can be seen.  
 
Figure 21: Steel Backing Plate 
The steel backing plate has the centre and 4 outer holes tapped. 
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Figure 22: Adjustable Feed Chute 
An adjustable feed chute for different disc types or to be adjusted after wear. This was placed 
with 1mm clearance from the highest point on the disc. 
 
Figure 23: Angle of Exhaust 
In Figure 23 it can be seen the steel cut-off wheel that was used and the angle of the exhaust 
pipe for particle flow. 
 
7.3.1. Grinder Design Features 
Base: D=500mm, reused industrial exhaust fan 
Feeder: 100x100mm pipe, Gravity feed; adjustable height for different discs; square to 
minimize rotation of strips; adjustable angle and distance from exhaust. 
Grinding disc: diamond $150 (currently using metal cutting wheel $10); mounted on 
fiberglass backing plate (d=315mm)  
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Exhaust: 90x90 pipe, hole centred on disc height; angled for tangential particle flow; tapered 
PVC tubing to container and extractor. 
Motor: requires 2~4kW motor (0.5HP motor currently used and lacking torque), not exposed 
to powder. A circular backing plate separates the motor from the dust. 
 
7.3.2. Operating Procedure 
Operator turns on machine, waits until high speed is reached, inserts trim material (up to 
120mm width) into feeder, places weight on end of trim, trim grinds down gradually, 
operator inserts another piece of trim material. 
 
7.3.3. Prototype Performance 
The current grinding rate is approximately 0.005m3 per hour, compared to hand grinding 2e-6 
m3/h. At this rate it will take around 3hrs to grind the material for the test panels. This can be 
improved firstly with a better grinding disc, and secondly with a bigger motor. For the limited 
amount of material required for the project, this set-up would be satisfactory. 
 
7.4. Sifting/Sorting 
The powder recyclate was sifted to determine the effectiveness of the grinder and to quantify 
the ground waste used. Concrete sieves where used to separate the ground waste into 3 sizes: 
smaller than 425μm, 425~1180μm and larger than 1180μm. The percentages by weight are 
shown in the table below. 
Grade of Ground Waste from grinder 
Sieve size Type of GW Weight (g) % by weight 
d > 1.18mm short fibre 206 11 
425µm < d < 1.18mm coarse 936 48 
d < 425µm fine 792 41 
 Totals 1934 100 
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Table 3: Distribution of Ground Waste from Grinder 
Since the coarse and fine particles are almost equal in weight, equal proportions were used of 
each in the resin mixtures. The short fibres were returned to the grinder for regrinding. The 
following figures show the sorted ground waste under magnification. 
 
 
Figure 24: Ground Waste (d > 1.18mm) 
  
 
Figure 25: Ground Waste (425µm < d < 1.18mm) 
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Figure 26: Ground Waste (d < 425µm) 
7.5. Test Panel Preparation 
 
7.5.1. Mould preparation 
Moulds of dimensions 300x300x10mm, made from stainless steel, where prepared with 
cellophane tape and wax. The stainless steel mould would resist deformation caused by the 
temperature change during curing and post-curing. The tape was applied around the edges 
and the wax was used as a polish on the steel mould. The tape and the wax ensure the cured 
samples release from the mould without difficulty or damage. These are reusable moulds also 
useful in oven curing. 
 
Figure 27: Moulds for Test Panels 
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7.5.2. Mixing Resin and Ground Waste 
The resin mixtures where prepared with varying amounts of ground waste: 0~30%wt ground 
waste/resin ratio. The ground waste was made up of equal amounts of the fine and coarse 
grades of powder (d < 425µm, 425µm < d < 1.18mm). The resin and ground waste were 
weighed as they were added to the container and mixed thoroughly to allow full dispersion of 
the particles. Catalyst was then added in amounts decreasing from 1.5% ~1.0%wt of resin 
since the ground waste already contained catalyst that would increase the rate of curing. 
 
7.5.3. Lay-up of glass mat 
The resin mixture was coated thinly over the mould. A piece of chopped strand mat was laid 
and rolled into the resin mixture with a brush roller. Further resin mixture was spread over 
the mat and rolled until fully wet. This procedure was repeated until four (4) layers of mat 
where fully wet and rolled in firmly. Panels were covered with a flat plate and 4kg weight to 
press the mats together while curing.  
 
Figure 28: Chopped-strand Mat 
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Figure 29: Weights and Flat Plate on Panel 
Excess resin mixture was weighed, recorded and kept for further flexural and DMA analysis. 
The panels where numbered in relation to the percentage of recycled material in the resin. 
Panel 
# 
Weigh
t of 
mats 
(g) 
Weigh
t of 
Resin 
mixtur
e (g) 
% 
Groun
d 
Waste 
Resin 
(g) 
Groun
d 
Waste 
(g) 
Cataly
st (g) 
Left-
over 
resin 
mix 
(g) 
Resin 
Mixtur
e used 
total 
weight 
ratio 
resin 
mixtur
e 
ratio 
glass 
mat 
0 150 500 0 500 0 7.5 154 353.5 503.5 0.70  0.298  
8.25 150 550 8.25 500 45 7 221 336 486 0.69  0.309  
20 150 550 20 440 110 5 187 368 518 0.71  0.290  
30 150 550 30 385 165 4 82 472 622 0.76  0.241  
Table 4: Test Panel Mixtures 
Glass mats of 295x295mm were weighed to find an average weight of 150g per panel. Panels 
were prepared with 0, 10, 20 and 30% ground waste/resin ratio (Table 4). After panel 
preparation it was found that the amount of ground material for the 10% mixture was 
incorrectly measured to be 8.25%.  
Initial observations were that as more ground waste was mixed with resin, the viscosity of the 
mixture increased and the working time decreased. The 30% mixture became unworkable 
after approximately 10 minutes. It was determined that no higher percent mixtures would be 
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of value to this procedure. To counteract this effect, decreasing amounts of catalyst were used 
to approximately 1% for the 30% mixture. This is half of what is used normally. 
 
7.5.4. Curing of specimens  
The vinylester resin used becomes unworkable after 25minutes and fully cured in about 5 
hours. The test panels where allowed to cure in ambient temperature of 20C for at least 3 
hours, then post cured in an oven at 80C for at least 8 hours. Post curing was done to ensure 
the panels were fully cured, acquired full strength, and were fully dry. 
 
7.5.5. Cutting samples for mechanical testing 
The samples where removed from moulds with a large paint scraper or screwdriver. The 
uneven and sharp edges where cut off on a table saw. The samples where cut on a wet saw in 
widths of 15 and 25mm. Lengths where cut on a table saw. Table 5 below lists the cutting 
sizes and quantity that was prepared for each test. 
Cutting for Testing    
Test Standard 
Dimension 
(mm) 
Quantity per 
sample 
Tensile 
ISO 527 
2mm/min 
250x25 3~5 
Flexural 
ISO 14125 
80mm span 
3mm/min 
130x15 6 
Impact (Charpy) ISO  150x15 3~5 
Resin mixture  
Flexural 
ISO 14125 
42mm span 
60x10x12 3 
Resin mixture  
DMA 
 40x10x5 1 
Table 5: Cutting Panels for Testing 
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Figure 30: Panels after Cutting 
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7.6. Tensile Tests 
Tensile tests where carried out using an MTS 100kN test machine at USQ-CEEFC (Figure 
31). An extensometer measured the strain up to 0.3%. The software used this to calculate the 
Modulus of Elasticity. The extensometer (MTS Extensometer Model No. 632.85F-14) was 
removed and the test was continued to failure. Peak tensile stress was recorded. Five 
specimens for each sample mixture were tested. Average values of the samples where used to 
plot the changes with respect to %ratio of recycled/resin. 
 
Figure 31: Tensile Testing on the MTS 100k Machine 
 
7.7. Flexural Tests 
Flexural tests where carried out using an MTS 10kN test machine at USQ-CEEFC (Figure 
32). Chopped-strand mat panels with recyclate and resin mixtures were tested with six 
specimens from each sample mixture. These samples where nominally 130x15x5mm and 
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tested with a span of 80mm. Resin mixtures, with no fibres, were also tested. Three 
specimens for each mixture were possible at a size of 85x10mm and a span of 64mm.  
The software recorded flexural stress, flexural strain to determine the flexural modulus. The 
test continued until the peak stress was achieved and fracture occurred. 
 
Figure 32: Flexural Testing on the MTS 10k Machine 
The figure below shows a 20% recycled specimen during a flexural test. 
  
Figure 33: Flexural Test of GFRP Specimen 
All specimens were measured with a micrometer at three positions and average dimensions 
were used in calculations. The specimens were carefully placed in the centre of the span 
being sure to remove dust and fragments from the test area. Once the maximum stress was 
found and the specimen began to fail the test was aborted. Data after that point of the test is 
not useful. Modulus calculations were taken from the first 1% strain for comparison. 
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7.8. Impact Tests –Charpy 
Impact tests were conducted as a Charpy drop test onto specimens of nominal size 
150x15x5mm. Three specimens for each sample were tested. This number was reduced from 
six due to the limited amount of material prepared. Each specimen was measured with a 
micrometer at three positions and average dimensions were used in calculations. They were 
then placed in position across a span and held down firmly by two clamps. A safety screen 
was placed in front of the machine before the test began (Figure 34). Once the switch was 
pressed, the weight would drop and the hammer would strike the specimen to cause failure. 
The specimen is intentionally sized to fail. The energy and velocity of the moving weight, the 
impact force and the energy absorbed by the collision is recorded electronically.  
 
Figure 34: Impact Test Machine 
The ratio of energy absorbed to the cross-sectional area is impact toughness. This is the 
measure used to indicate the change in impact properties due to ground GFRP added. The 
figure below is of the computer output of the impact test in milliseconds.  
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Figure 35: Impact Test Data Plot 
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7.9. Dynamic Mechanical Analysis (DMA) 
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8. Test Results and Discussion 
8.1. Tensile Test Results 
During tensile testing it was observed that as the machine extended an audible ‘ping’ sound 
could be heard as fibres began to break. After 0.3% strain, when the extensometer was 
removed, these sounds increased in volume and frequency until the failure point. At failure a 
loud ‘bang’ indicated the end of the test. 
A plot of load force versus extension (which is proportional to a stress/strain curve) shows 
the behaviour of a GFRP specimen (Figure 36). At low strain the increase in stress is 
approximately linear which indicates a linear change in modulus. At high strain, catastrophic 
failure occurs with little warning. This is indicated by the sudden drop in load in the plot. 
After failure, the material has no load bearing strength. 
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Figure 36: GFRP Failure in Tension 
The figure below illustrates some specimens after tensile failure. Surface cracks were evident 
as was the exposed fibres at the point of failure. These points of failure were often not at the 
centre of the length of the specimens. This was attributed to small amounts of distortion of 
the specimens that may have occurred in the mould or during post-curing. 
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Figure 37: Tensile Test Failures 
The zero percent panels tested and a peak stress was recorded as 102MPa and the Modulus of 
Elasticity was found to be 8.46GPa. This is consistent with the manufacturer’s data and 
material handbook property data – a good indication that the test panels were designed and 
made to a high standard. From the plotted data, some trends became apparent. As the 
percentage of ground waste increased the modulus of elasticity increased and peaked at the 
10% mixture at 10% above that of the original panels, and was close to the original at the 
20% mixture. The peak stress or ultimate tensile strength also increased to the 10% mixture 
and then decreased to close to the original at the 20% mixture. Both the peak stress and 
modulus dropped more than 30% as the mixture approached 30%.  
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Figure 38: Tensile Test Comparison 
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Figure 39: Effects of adding Ground GFRP on Tensile Properties 
The maximum peak stress and modulus of elasticity were estimated graphically as 120MPa 
and 9.3GPa at the 10% mixture. The plots also show that there is no loss in tensile properties 
of any mixtures below 20% ground GFRP/resin ratio. This shows that, in tension, adding 
ground GFRP is feasible well above the amount of waste produced (5~10%). 
All tensile data is provided in detail Appendix D: Tensile Test Data. 
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8.2. Flexural Test Results 
During the test audible ‘pings’ , similar to the tensile test, where heard as the deflection 
increased. This early sign of failure did not start as early as in the tensile test. The flexural 
strain  
The original panels tested with a 164MPa flexural strength and a 6.9GPa flexural modulus. 
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Figure 40: Flexural Test Comparison 
As the amount of ground recycled material increased, so did flexural strength and the flexural 
modulus up to the 16% and 13% mixture respectively where they peaked. The maximums for 
peak flexural stress and flexural modulus where estimated as 188MPa (14% rise) and 7.4GPa 
(7% rise) respectively. As the mixture increased further the flexural properties decreased to 
close to original at a 25% mixture for the modulus and 30% mixture for the peak stress.  
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Figure 41: Effects of adding Ground GFRP on Flexural Properties 
This indicates no loss in flexural properties up to the 25% ground GFRP/resin ratio. More 
importantly it shows that mixtures up to around 15% show appreciable increases in flexural 
properties. The manufacturing waste (5~10%) can confidently be used without any loss of 
flexural strength. 
Further flexural test data is detailed in  
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8.3. Impact Test Results 
The impact test caused the specimen to fail at the bottom face directly opposite the point of 
impact(Figure 42). The piece shows splintering and delamination in this region and appears 
lighter in colour. Damage is also seen towards the ends where it was fastened in the machine. 
 
Figure 42: Impact Test Specimen after Drop Test 
The impact toughness of the original panels was found to be 206kJ/m^2. As the amount of 
recycled material increased, the toughness decreased at an ever increasing rate. At the 10% 
mixture, a loss of 5.5% in toughness was observed. Another 10% loss was found as the 
mixture approached the 20% mixture. Another 17% was lost as the mixture approached 30% 
recycled. This behaviour was the opposite to the expected and, having only 3 specimens each 
sample, indicates more testing is required for confidence in the result. This initial finding 
could be seen as one effect of the milling process or of the manufacturing of the recycled 
panels. Specifically, that the glass powder produced from grinding GFRP may have reduced 
hardness compared to that of the original fibres, and/or that the bonding between the ground 
waste and the resin is compromised. Also, the presence of air bubbles (porosity) would create 
weak sections where stress is concentrated and failure occurs. 
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Figure 43: Effects of adding ground GFRP to Impact Toughness 
 
Impact Tests      
Matrix: Ground VE GF waste with resin    
Fibre: 4 layers of glass fibre chopped-strand mat   
Summary   % Change from Original 
%Ground 
Waste in Resin 
Energy to 
Failure (J) 
Maximum Load 
(kN) 
Impact 
Toughness 
J/m^2 
Energy to 
Failure 
Max Load 
Impact 
Toughness 
0 12.40 0.67 206,883 0.0 0.0 0.0 
8.25 10.21 0.56 195,464 -17.6 -15.8 -5.5 
20 10.51 0.73 174,751 -15.2 9.2 -15.5 
30 11.10 0.99 138,981 -10.5 49.4 -32.8 
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8.4. DMA Results of Resin Mixtures 
As indicated in the figure below, the storage modulus at 35 degrees C increases with 
additional ground GFRP from 1.4GPa to 2.6GPa. The glass transition temperature doesn’t 
increase when the percentage is lower than 8.25 (74 degrees C), but then increases steadily to 
a maximum of 112 degrees C. 
 
Figure 44: Effects to Storage Modulus and Tg from adding ground GFRP to VE 
These increases in modulus and Tg indicate that adding ground GFRP to manufacture further 
GFRP panels has no detrimental effects to thermal properties, but actually improves 
properties. This is due to the larger glass content (in powder form) that is taking the place of 
the resin.  
While these increases look promising, it must be reminded that only one specimen was tested 
for each sample so further DMA analysis would be required to have confidence in the results 
presented here. 
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8.5. Summary of Test Results 
 
Summary of Test Results 
 
% Ratio 
Ground 
Waste 
/Resin 
%wt glass 
mat /panel 
%wt GW 
/Panel 
%wt Glass 
powder 
/Panel 
Modulus of 
Elasticity 
% 
Flexural 
Modulus % 
Impact 
Toughness 
% 
Cost 
Saving % 
0 29.8  0.00  0.00  0.00  0.00  0.00  0.00  
8.25 30.9  5.70  1.90  5.61  1.87  -5.52  9.68  
20 29.0  14.20  4.73  3.81  8.43  -15.53  19.40  
30 29.8  21.06  7.02  -34.20  -6.89  -32.82  29.00  
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9. Economic Viability 
The economic viability of the recycling process was estimated in an Australian 
manufacturing context. A price comparison was made between existing manufacturing costs 
and the cost of implementing a closed-loop manufacturing of GFRP. Specifically, grinding all 
trimmed material and adding it to the resin mixture before spray-up and lay-up processes. 
 
Glass fibre, resin and disposal cost estimates were taken from information provided by 
Leisure Pools Australia. Electrical prices are taken from a standard price of $0.030 per 
kilowatt-hour from the local supplier. The 4kW grinder design was estimated to cost a 
maximum of $1000AUD fully installed. A linear depreciation over 10 years was adopted and 
corresponded to $0.006/hr. The major cost was found to be labour and was estimated at 
$10/hr. This is less than half the standard rate since the operator is not required to be at the 
machine during grinding. If the operator was at the machine and applied pressure on the 
material while grinding, then grinding rates have been doubled. This then results in the same 
cost of grinding per kg. 
 
Cost Comparison   
   
Grinding rate 0.02 m3/hr 
density 500 kg/m3 
grinding rate 10 kg/hr 
motor size 4 kW 
elec price $0.30 $/kWh 
elec running cost $1.20 $/hr 
grinder cost $1,000.00 $ 
grinder depreciation (10yr) $0.06 $/hr 
operator labour $10.00 
$/hr of grinder in 
use 
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total hourly cost $11.26 $/hr 
ground waste cost to 
produce 
$1.13 $/kg 
saving on disposal costs $1.00 $/kg 
Resin purchase cost $4.00 $/kg 
saving per kg $3.87 $/kg 
cost of 5% recycled mixture $3.81 $/kg 
%saving of 5% mixture 4.84  % 
cost of 10% recycled mixture $3.61 $/kg 
% saving of 10% mixture 9.68  % 
   
Waste Removal Costs   
Waste removal $250.00 $/pickup 
Trim waste percent of total 
waste 
10  % 
Trim waste removal cost $25.00  
Table 6: Cost Estimates and Savings by closed loop recycling of GFRP 
As detailed in the table above, the cost of grinding the waste equates to $1.13/kg with further 
cost reductions in resin, catalyst and disposal. Since manufacturing is creating 5~10% waste, 
the cost saving in this range was calculated and found to be 4.84~9.68% for the resin mixture. 
Based on a typical GFRP ratio of 33% glass fibre to 67% resin, the total cost saving to the 
facility is in the range of 3.23~6.46%. With pools priced in the tens of thousands and marine 
craft in the hundreds of thousands, over 5% saving is a large amount of money. 
This economic analysis has not considered: government grants and incentives for recycling 
waste; future savings as particular industry wastes are likely to be taxed more and cost more 
to dispose of; the reduced recycling costs if facility was based overseas and the pricey labour 
component could be reduced; and the possibly increased cost of replacing spray gun 
components since the glass powders are abrasive. 
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10. Product Possibilities 
The research project has brought light to the possibilities of other products to be made from 
the ground GFRP. Based on the inherit properties of the glass and polymer and that the 
recycled material has little reduction in properties, possible applications could be in the: 
water and waste industries, construction industry, marine industry and automobile industry. 
These products could be but not limited to: non-corrosive pipe work and tanks; spray-on 
lining for existing pipe work and tanks; low impact components in off-shore mining; decking, 
pylons and low-rise structures in coastal areas; and vehicle panels, to name a few. 
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11. Conclusion 
The project has shown a mechanically and economically viable process for GFRP 
manufacturers to recycle all cured waste into their existing products.  
A purpose built grinder was designed, built and tested.  
A composite panel was developed and tested for tensile, flexural, impact and thermal 
properties.  
Tests showed: no reduction in tensile properties up to a 20%wt ratio of ground waste to resin; 
no reduction in flexural properties up to a 25%wt ratio; thermal properties continually 
increases with increasing %wt ratio; and impact toughness showed continual reductions 
where a 10%wt ratio showed a 5% reduction.  
In the economic analysis, it was shown that adopting this process would provide a net saving 
of up to 6.5% when recycling all cured waste.  
Recommendations of future applications were presented with greatest potential in water, 
waste and marine areas. 
Finally, it has been shown in low impact applications, GFRP manufacturers can implement a 
recycling plan of all cured waste without loss in mechanical or thermal properties. 
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Appendix A: Project Timeline 
From To Description 
07-Mar-2011 18-Apr-2011 Literature Review 
14-Mar-2011 11-Apr-2011 Familiarization of working environment and testing 
equipment 
14-Mar-2011 04-Apr-2011 Design of milling process of cured fibreglass 
04-Apr-2011 25-Apr-2011 Mould design and making 
25-Apr-2011 23-May-2011 Preparation of test panels 
23-May-2011 27-June-2011 Testing of panels for mechanical properties 
27-June-2011 25-July-2011 Draw up conclusions and discussion about results 
with supervisor 
25-July-2011 15-Aug-2011 Discussion for the thesis outline with supervisors 
15-Aug-2011 16-Sep-2011 Thesis partial draft – each chapter in draft form and 
shown to supervisors 
16-Sep-2011 13-Oct-2011 Final draft of thesis, to incorporate modifications 
suggested by supervisor 
13-Oct-2011 27-Oct-2011 Complete the thesis in requested format 
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Appendix B: Project Specification 
University of Southern Queensland  
Faculty of Engineering and Surveying  
 
EG 4111/4112 Research Project  
PROJECT SPECIFICATIO  
 
 
Topic: Recycling Glass Fibre Composites – Process and 
Viability 
 
For: Joshua PEAURIL - 0039511427 
 
Supervisor:  Dr. Harry Ku 
Co-Supervisor:                          Dr Francisco Cardona 
Sponsorship: Leisure Pools Australia 
 
Enrolment:  ENG 4111- S1, EXT, 2011 
 ENG 4112- S2, EXT, 2011 
 
Project Synopsis: 
 
Fibre composites are increasingly used in manufacturing of pools and marine-craft. The 
method of manufacture creates up to 10% waste material which is costly and harmful to 
dispose of. In this project, the recycling process for waste fibreglass will be designed. A panel 
will be developed from recycled material. These panels will be tested for mechanical and 
thermal properties. The economic viability of this process will be estimated.   
 
Program:  Issue A, 22/Mar/2011 
 
o Review composite materials (especially E-glass) uses, properties and processes 
o Research existing recycling methods and products for used(cured) fibreglass 
o Design the milling process of wasted fiberglass into varying particle sizes 
o Incorporate recycled material into further composite material panels designed for pool 
and marine applications 
o Compare mechanical properties of test panels with “virgin” material and determine 
the effects of milling 
 59 
o Estimate the economic viability of this recycling process over current disposal 
methods. 
o Discuss other possible uses for these panels, based on results. 
 
 
 
 
Timeline: 
1. Literature reviews 
Begin   : 07-Mar-2011  
Completion  : 18-Apr-2011  
Approx. Hours : 50 hours 
 
2. Familiarization of working environment and testing equipment. 
Begin   : 14-Mar-2011  
Completion  : 11-Apr-2011  
Approx. Hours : 20 hours 
3. Design of milling process of cured fibreglass. 
Begin   : 14-Mar-2011 
Completion  : 04-Apr-2011 
Approx. Hours : 20 hours 
 
4. Mould design and making. 
Begin    : 04-Apr-2011 
Completion  : 25-Apr-2011 
Approx. Hours : 30 hours 
 
5. Preparation of test panels. 
Begin    : 25-Apr-2011 
Completion  : 23-May-2011 
Approx. Hours : 30 hours 
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6. Testing of panels for mechanical properties.  
Begin   : 23-May-2011 
Completion  : 27-June-2011 
Approx. Hours : 50 hours 
 
7. Draw up conclusions and discussion about results with supervisor.  
Begin   : 27-June-2011 
Completion  : 25-July-2011 
Approx. Hours : 40 hours 
 
8. Discussion for the thesis outline with supervisors. 
Begin   : 25-July-2009 
Completion  : 15-Aug-2011 
Approx. Hours : 10 hours 
 
9. Thesis initial drafting – each chapter in draft form and shown to supervisors. 
. 
Begin   : 15-Aug-2011 
Completion  : 26-Sep-2011 
Approx. Hours  : 60 hours 
 
10. Final draft of thesis, to incorporate modifications suggested by supervisor. 
 
Begin   : 26-Sep-2011 
Completion  : 10-Oct-2011 
Approx. Hours  : 20 hours 
 
 
11. Complete the thesis in requested format. 
 
Begin   :  10-Oct-2011 
Completion  :  24-Oct-2011 
Approx. Hours  : 20 hours 
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